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(54) Centrifugal machine

(57)  Acentrifugal machine comprises a rotor drivable
and rotatable by a motor while holding a specimen, and
including a recording medium for recording data therein;
a Peltier element, when a voltage is applied thereto, for
controlling the temperature of the rotor; a recording head
disposed at a position adjacent to the rotor for reproduc-
ing data from the recording medium or for recording data
into the recording medium; and, a control device not only
for controlling the operation of the Peltier element when

the Peltier element controls the temperature of the rotor
butalso for controlling the operation of the recording head
when the recording head reproduces the data from the
recording medium or records the data into the recording
medium, wherein the control device, when carrying out
the data reproduction or data recording with respect to
the recording medium provided in the rotor, controls the
Peltier element in such a manner that the operation of
the Peltier element is caused to stop.
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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from Japanese Patent Application No.
2006-239920, filed September 5, 2006, the entire con-
tents of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] One embodiment of the invention relates to a
centrifugal machine capable of managing the operation
records of a rotor and, specifically, the invention relates
to a centrifugal machine which can hold the operation
record data of the rotor such as the number of rotations
of the rotor and the total operation hours of the rotor.
[0003] A rotor (a rotating member), which is provided
in a centrifugal machine for storing a specimen such as
acelland agene, requires a high centrifugal acceleration
and, therefore, it is necessary to rotate the rotor at a high
speed, for example, at a speed of 100, 000 min-1(rpm) .
This increases a centrifugal stress which acts on the rotor
and, therefore, when the rotor is used repeatedly, there
is a fear that a fatigue failure can occur in a rotor material
made of a titanium alloy, duralumin or the like. Thus, the
rotor is treated as a part the life of which is limited and,
specifically, the number of integrating operation rotations
or integrating operation time of the rotor is regulated (for
example, 5000 rotations or 10, 000 hours). When the
number of operation rotations or operation time of the
rotor reaches a prescribed number, the rotor is consid-
ered to have reached its fatigue limit; and thus, at the
then time, the use of the rotor is to be stopped, and the
rotor is to be disposed. As described above, the rotor has
a limited life and, in order to operate the rotor safely, it is
necessary to manage the operation record of the rotor.
[0004] As aconventional method for managing the op-
eration record of a rotor, as disclosed in the Japanese
Patent Publication Hei-3-181347, there is proposed a
method in which, in a rotor, there is provided a magnetic
recording medium having a magnetic film, data are re-
corded and reproduced by a magnetic head, and the op-
eration record management of the rotor is recorded in
the rotor.

[0005] On the other hand, a specimen to be stored in
the rotor of a centrifugal machine, in some cases, is re-
quired that it is held at a low temperature (for example,
4°C) in order to keep it fresh. As an example of a method
for controlling the temperature of a rotor, there is well
known a method in which the temperature of a rotor is
measured using a temperature sensor and a voltage to
be applied to a Peltier element provided in a rotor cham-
ber is controlled to thereby control the temperature of the
specimen.

[0006] In the above-mentioned conventional centrifu-
gal machine, a recording head is made to approach a
rotor having a magnetic recording medium (a disk mem-
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ory) for recording the operation record data of the rotor,
whereby data on the rotor operation record are recorded
into the magnetic recording medium, or the data are re-
produced from the magnetic recording medium. Specif-
ically, the present inventors have checked this conven-
tional centrifugal machine for the mounting of the above-
mentioned Peltier element for adjusting the temperature
of the rotor chamber and have found the following prob-
lems.

[0007] Thatis, when, in the periphery of the rotor, the
magnetic head and Peltier element are disposed adja-
cent to each other and a supply voltage for driving the
Peltier element is controlled on/off, noise generated from
the Peltier element is introduced into the input/output cir-
cuit of the magnetic head and, in reproducing the oper-
ation record data, a control device (a microcomputer)
mistakes the thus introduced noise for the record data,
resulting in the misreading of the data. Also, in recording
the operation record data as well, the control device
records the noise introduced to the magnetic head circuit
by mistake.

[0008] To solve the above problems, there can be ex-
pected a method in which there is employed a shielding
wire in order to prevent the noise from being introduced
to the magnetic head circuit and a ferrite core is added
to the magnetic head circuit to thereby absorb the noise.
However, in this method, additional provision of electric
parts increases the cost of the composing parts that are
associated with the control device.

SUMMARY OF THE INVENTION

[0009] One of objects of the presentinvention is to pro-
vide a centrifugal machine which can manage the life of
a rotor and can control the temperature of a rotor cham-
ber, characterized by a recording head and a recording
medium which can accurately reproduce or record the
rotor operation record data.

[0010] Another of objects of the present invention is to
provide a centrifugal machine which can manage the life
ofarotorand can control the temperature of a rotor cham-
ber, characterized in that it can be manufactured at a
relatively low cost.

[0011] According to an aspect of the present
invention , there is provided a centrifugal machine com-
prising: a rotor drivable and rotatable by a motor while
holding a specimen, and including a recording medium
for recording data therein; a Peltier element, when a volt-
age is applied thereto, for controlling the temperature of
the rotor; a recording head disposed at a position adja-
cent to the rotor for reproducing data from the recording
medium or for recording data into the recording medium;
and, a control device not only for controlling the operation
of the Peltier element when the Peltier element controls
the temperature of the rotor but also for controlling the
operation of the recording head when the recording head
reproduces the data from the recording medium or
records the data into the recording medium, wherein the
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control device, when carrying out the data reproduction
or data recording with respect to the recording medium
provided in the rotor, controls the Peltier element in such
a manner that the operation of the Peltier element is
caused to stop.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The presentinvention may be more readily de-
scribed with reference to the accompanying drawings.
[0013] Fig. 1is a structure view of the whole structure
of a centrifugal machine according to an embodiment of
the invention.

[0014] Fig. 2is a function block diagram of the centrif-
ugal machine shown in Fig. 1.

[0015] Fig. 3 is a time chart for the operation mode of
the centrifugal machine shown in Fig. 1.

[0016] Fig. 4 is a flow chart for a control procedure to
be applied to the centrifugal machine shown in Fig. 1.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0017] Now, description will be given below of a cen-
trifugal machine according to an embodiment of the in-
vention with reference to the accompanying drawings. In
all figures used to explain the present embodiment, parts
having the same functions are given the same designa-
tions and the repeated description thereof will be omitted.
[0018] Fig. 1is a structure view (a section view) of the
whole structure of a centrifugal machine according to the
embodiment of the invention. Fig. 2 is a function block of
the centrifugal machine shown in Fig. 1. Fig. 3 is a time
chart of the operating mode of the centrifugal machine
shown in Fig. 1 . Fig. 4 is a flow chart used to explain the
operation procedure of the centrifugal machine shown in
Fig. 1.

[0019] Firstly, description will be given of the whole
structure of the centrifugal machine with reference to Fig.
1. The centrifugal machine 1 includes a box member (a
frame) the shape of the section of which is substantially
square when viewed from above. Within the frame 2,
there are disposed a rotor 3 which is made of a titanium
alloy, an aluminum alloy or the like and is used to hold a
specimen vessel (not shown) therein, a motor 4 for ap-
plying a rotation drive force to the rotor 3, and a rotor
chamber (a rotation chamber) 7 which is defined by a
bottom member (a plate) 5 and a partition member 6 and
is used to store the rotor 3 therein. Also, on the upper
opening portion (an opening/closing portion) of the rotor
chamber 7 formed within the frame 2, there is mounted
a slide-type door 8 which can be opened and closed with
respect to the frame 2. While the rotor 3 is rotating, the
door 8 is controlled by a control device (a microcomputer)
9 (which will be discussed later) in such a manner that
the door 8 will not open the rotor chamber 7.

[0020] The interior of the rotor chamber 7 defined by
the bottom member 5 and partition member 6 is decom-
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pressed by a vacuum pump 11 which can be actuated
during the operation of the rotor 3. This decompression
can reduce the heat that is generated by the rotor 3 due
to its friction against the air remaining within the rotor
chamber 7 while the rotor 3 is rotating.

[0021] Within the rotor chamber 7, there is disposed a
bowl! 10 which is made of, for example, aluminum mate-
rial, in such a manner that it surrounds the rotor 3. Be-
tween the bottom portion 10a of the bowl 10 and bottom
member (plate) 5, there is held a Peltier element 12 for
temperature control. The cold heat of the Peltier element
(see Fig. 2) to be controlled by the control device 9 is
transmittedimmediately to the whole of the rotor chamber
7 through the bowl 10 made of material having high heat
conductivity, thereby controlling the temperature of the
rotor chamber 7 uniformly to a low temperature, for ex-
ample, a temperature of 4°C. As a result of this, an in-
crease in the temperature caused by a wind loss during
the rotation of the rotor 3 is lowered, and thus anincrease
in the temperature of the specimen vessel within the rotor
3 involved with the high speed rotation of the rotor 3 in
the centrifugal operation is lowered down to a given tem-
perature or lower. The temperature of the rotor chamber
7 is detected by a temperature sensor 13 fixed to the
bottom member (plate) 5 and is measured by the control
device 9.

[0022] As shown in the function block diagram of Fig.
2, the Peltier element 12 and temperature sensor 13 are
electrically connected to the control device 9; and, the
control device 9 compares the detect value obtained from
the temperature sensor 13 with a temperature set value
previously set in the control device 9 and, based on the
operation result thereof, the control device 9 supplies an
on/off controlled drive voltage to the Peltier element 12
in order to cool the Peltier element 12, or stops the supply
of the voltage.

[0023] The motor 4 is made of an induction motor or
the like. A drive source for the motor 4 can be driven by
a three-phase ac supply (for example, 300 V,
5Hz~2.6kHz), which is obtained by converting a com-
mercial ac supply (for example, 100 V or 200 V, 50/60
Hz) through an inverter, while the drive source allows the
high speed rotation of the rotor 3. The rotation speed of
the rotor 3 to be driven and rotated by the motor 4 is
detected by a rotation sensor 14 which is disposed ad-
jacent to the bottom portion of the rotor 3. As shown in
the function block diagram of Fig. 2, the detect value of
the rotation sensor 14 is input to the control device 9,
while the control device 9 compares and operates the
detect value and the set value to thereby control the ro-
tation speed of the motor 4. By the way, the rotation sen-
sor 14 may also be structured such that it detects the
rotation speed of the motor 4.

[0024] On the bottom portion of the rotor 3, there is
disposed a cylindrical-shaped magnetic recording medi-
um (a magnetic memory device) 15. The cylindrical-
shaped magnetic recordingmedium 15 includes, al-
though not shown in the drawings, a magnetic thin film
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(a magnetic memory film) made of a cylindrical-shaped
disk substrate the surface of which is plated, and a coat-
ing film (a protection film) formed on top of the magnetic
thin film. In the vicinity of the cylindrical-shaped magnetic
recording medium 15, there is disposed a magnetic head
(a recording head) 16. The cylindrical-shaped magnetic
recording medium 15 and magnetic head 16 operate as
a kind of harddiskmemory. The magnetic recording me-
dium 15 and magnetic head 16, as shown in the block
diagram of Fig. 2, are electrically connected to the control
device 9. The cylindrical-shaped magnetic thin film of the
magnetic recording medium 15 is intermittently magnet-
ized to S and N poles and, when reproducing the oper-
ation record data, as will be discussed later, the rotor 3
is rotated at a constant low speed N1 (see Fig. 3) and
the magnetic data of the magnetic recording medium 15
are reproduced as voltage waveforms by the magnetic
head 16. In this case, the control device 9 reads the wave-
lengths of the voltage waves between the peaks thereof
and converts them to the operation record data. Also, in
the operation record data recoding time as well, the rotor
3 is rotated at the constant low speed N1 and the control
device 9 applies intermittent voltages to the magnetic
head 16 to generate intermittent magnetic fields, where-
by the cylindrical-shaped magnetic thin film constituting
the magnetic recording medium 15 is intermittently mag-
netized to S and N poles to record the operation record
data therein. Owing to the magnetic recording medium
15, the operation record data such as the number of ro-
tations of the rotor 3 and total operation rotation hours of
the rotor 3 can be recorded and reproduced.

[0025] The control device 9, as shown in the function
block diagram of Fig. 2, includes a microcomputer having
an operation portion 9a and a memory portion 9b, and
further includes a drive portion 9¢c which contains a drive
circuit for driving the motor 4, a drive circuit for driving
the vacuum pump 11 and a drive circuit for driving the
Peltier element 12. Further, the control device 9 includes
an operation panel which is used to input data expressing
the rotation speed of the rotor 3 and operation conditions
such as the time necessary for the centrifugal operation,
and a display portion 9d which is used to display the thus
inputted information and monitor the information during
the operation of the rotor 3.

[0026] The memory portion 9b of the control device 9
includes a memory such as a ROM which stores therein
data on the control program of the vacuum pump 11, data
on the control program of the Peltier element 12 and the
like. Also, the memory portion 9b further includes a mem-
ory such asaRAM ora PROM which is used to reproduce
the data on the operation records such as the number of
operations and the rotation hours stored in the magnetic
recording medium 15 and then record the reproduced
data temporarily, and also which is used to temporarily
store updated operation record data to be recorded in
the magnetic recording member 15.

[0027] In the centrifugal machine 1 having the above-
mentioned structure, description will be given below of
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an operation mode according to the invention with refer-
ence to a time chart shown in Fig. 3.

[0028] When the operation of the motor 4 (rotor 3) is
started at a time t0, the Peltier element 12 also starts its
operation. Inthis case, the Peltier element 12 is controlled
such that, during the rotation of the rotor 3, the temper-
ature sensor 13 always measures the temperature of the
rotor 3 under the control of the control device 9, the meas-
ured temperature is compared with the set temperature
previously set in the control device 9 by a user, and a
voltage (a pulse voltage which is turned on and off at a
given cycle) is applied to the Peltier element 12 by the
control device 9 to thereby control the temperature of the
rotor 3. In this case, when cooling the rotor 3, the bowl
10 is cooled due to absorption of heat from the Peltier
element 12 and the rotor 3 is cooled due to radiant heat
from the bowl 10.

[0029] Atatimet1,the control device 9 sets therotation
of the motor 4 (rotor 3) to a given low rotation speed N1.
The then rotation speed N1 of the motor 4 is set for a
rotation speed, for example, 1,000 min-! (rpm) which is
suitable for reproducing the operation record data record-
ed in the magnetic recording medium 15 through the
magnetic head 16, or recording new operation record
data, which is temporarily stored in the memory portion
9b of the control device 9, into the magnetic recording
medium 15 through the magnetic head 16.

[0030] Whilethe motor 4 orrotor 3 is rotating at a given
low rotation speed N1 during the time t1 to time t2, ac-
cording to the invention, as shown in Fig. 3B, the oper-
ation of the Peltier element 12 is stopped (the Peltier
element 12 is held in a non-operation state). During the
non-operation period (t1 ~ t2) of the Peltier element 12,
as shown in Fig. 3C, the magnetic head 16 is operated
to reproduce the operation record data of the magnetic
recording medium 15 into the memory portion 9b of the
control device 9.

[0031] The control device 9 accelerates the motor 4
during the period of the time t2 - t3 and, in the period of
the t3 - t4, it sets the rotation speed of the motor 4 (rotor
3) for N2. The thus set rotation speed N2 is to be set for
a rotation speed which is set by a user, for example, 100,
000 min-1 (rpm). During this period, a specimen held by
the rotor 3 is centrifuged.

[0032] The control device 9, in the period of the time
t4 - t5, decelerates the motor 4 and, in the period of the
time t5 - t6, it sets the rotation speed of the motor 4 again
for N1 (for example, 1, 000 min-1) . During this period,
the control device 9 stops the operation of the Peltier
element 12, operates the magnetic head 16, temporarily
stores into the memory portion 9b not only the operation
record data reproduced during the period of the time t1
~ t2 by the operation portion 9a but also the current op-
erationrecord data, whereby the newest operation record
data can be recorded into the magnetic recording medi-
um 15 using the magnetic head 16. This makes it possible
that the rotor 3 can always store and hold the newest
operation condition data in itself. Here, when the opera-
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tion record data reach the assumed life of the rotor 3, the
control device 9 displays an alarm on the displayportion
9d or generates a warning sound to thereby stop the ro-
tation of the rotor 3 (motor 4) . For the normal operation,
at a time t7, the control device 9 stops the motor 4 and
ends the centrifugal operation.

[0033] Next, description will be given below of a control
procedure for controlling the reproduction and recording
of the operation record data on the centrifugal machine
1 according to the invention with reference to a flow chart
shown in Fig. 4.

[0034] In Step 100, when a user previously starts the
operation of the centrifugal machine 1, the control device
9 applies avoltage (a pulse voltage) to the Peltier element
12 and starts the temperature control of the rotor 3.
[0035] Next,inStep 101, using the motor 4, the rotation
speed of the rotor 3 is set for N1 (1,000 min-1). Just after
then, in Step 102, the control device 9 stops the applica-
tion of the voltage to the Peltier element 12.

[0036] Further, in Step 103, the control device 9 repro-
duces the operation record data from the magnetic re-
cording medium 15 through the magnetic head 16 and,
in Step 104, the thus reproduced data are stored into the
memory portion 9b of the control device 9.

[0037] After then, in Step 105, the control device 9 ap-
plies a voltage to the Peltier element 12 again to thereby
control the temperature of the rotor 3 to a given temper-
ature. Next, in Step 106, the control device 9 controls the
motor 4 in such a manner that the rotor 3 can be set for
a preset set rotation speed N2 (for example, 100,000
min-1 (rpm). The specimen is centrifuged in this manner.
[0038] After the centrifugal operation, in Step 107, the
motor 4 is deceleration controlled to thereby set the ro-
tation speed of the rotor 3 for N1 (for example, 1,000
min-1) again. Next, in Step 108, the control device 9 stops
the application of the voltage to the Peltier element 12.
[0039] In the next step 109, the control device 9 adds
the operation record at a rotation speed N2 set in the
current centrifugal operation to the data stored in the ac-
celeration time of the motor 4, and then stores the thus
updated operation record data into the magnetic record-
ing medium 15 through the magnetic head 16.

[0040] After the data are recorded, in Step 110, the
control device 9 resumes the voltage application to the
Peltier element 12. After then, the control device 9 stops
the motor 4 and ends the operation of the centrifugal
machine 1.

[0041] The rotation speed N1 of the rotor 3, which is
set when reproducing or recording the operation record
data, may not be the illustrated rotation speed 1,000
min-!, provided that the range of the centrifugal stress to
the rotor 3 is very small, that is, provided that no sub-
stantial fatigue limit occurs in the range. When the rota-
tion speed N1 in the reproduction operation or in the re-
cording operation is a rotation speed or a rotation time
that must be considered as the operation record data, a
correction integer may also be added to the operation
record data. Also, the rotation speed N2 of the rotor 3
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necessary for centrifugation can also be changed as the
need arises.

[0042] As canbe understood obviously from the above
description of the present embodiment, when the oper-
ation record data are updated in the magnetic recording
medium mounted on the rotor, since the supply of the
voltage to the Peltier element for temperature control is
turned into an off state (a non-operation state), no noise
can be generated from the Peltier element, the operation
record data can be reproduced and recorded accurately.
Also, because, whenrecording the operation record data,
the same parts as in the prior art can be used, the cost
of the centrifugal machine can be reduced.

[0043] Although the invention made by the present in-
ventors has been described heretofore based on the em-
bodiment of the invention, the invention is not limited to
this embodiment but various changes are also possible
without departing from the scope of the subject matter of
the invention.

Claims

1. A centrifugal machine, comprising: a rotor drivable
and rotatable by a motor while holding a specimen,
and including a recording medium for recording data
therein; a Peltier element, when a voltage is applied
thereto, for controlling the temperature of the rotor;
a recording head disposed at a position adjacent to
the rotor for reproducing data from the recording me-
dium or for recording data into the recording medium;
and, a control device not only for controlling the op-
eration of the Peltier element when the Peltier ele-
ment controls the temperature of the rotor but also
for controlling the operation of the recording head
when the recording head reproduces the data from
the recording medium or records the data into the
recording medium, wherein the control device, when
carrying out the data reproduction or data recording
with respect to the recording medium provided in the
rotor, controls the Peltier element in such a manner
that the operation of the Peltier element is caused
to stop.

2. Thecentrifugal machine according toclaim 1, where-
in the recording medium is a magnetic memory ele-
ment and the recording head is a magnetic head.

3. Thecentrifugal machine according to claim 1, where-
in, when the data recorded in the recording medium
are reproduced into the memory element of the con-
trol device through the recording head, or when the
data of the control device are recorded into the re-
cording medium through the recording head, the
control device reduces the rotation speed of the rotor
or the motor down to a rotation speed which is lower
than the rotation speed thereof in the centrifuging
operation thereof.
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The centrifugal machine according to claim 2, where-
in, when the data recorded in the recording medium
are reproduced into the memory element of the con-
trol device through the recording head, or when the
data of the control device are recorded into the re-
cording medium through the recording head, the
control device reduces the rotation speed of the rotor
or the motor down to a rotation speedwhich is lower
than the rotation speed thereof in the centrifuging
operation thereof.
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FIG. 4
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